SUMMARY Two newborn infants, male (A) and female (B), with lethal hyperammonaemia are described in the same family. In both, symptoms started on the second day of life. Lethargy and hypotonia were the most prominent initial findings and were followed by convulsions and coma. In both, blood ammonia levels rose to 570 ,umol/l (798 ,ug/100 ml) a few hours before death, which occurred on the third and fourth day of life respectively. Assay of liver urea cycle enzymes in baby B showed a complete absence of mitochondrial carbamyl phosphate synthetase activity. cousins. Baby A was the product of the third pregnancy of the mother. The first had resulted in a miscarriage during the fourth month of pregnancy. The second baby was a term male who died 12 hours after birth without definite diagnosis, but with symptoms similar to those of babies A and B.
Hereditary enzyme defects of the urea cycle have been diagnosed with increasing frequency during the last few years as causes of severe neurological damage or death during infancy and childhood. Five distinct disorders have been described so far, involving each one of the five enzymes of the KrebsHenseleit urea cycle (Levin, 1971 ; Shih and Efron, 1972; Scriver and Rosenberg, 1973) ; hyperammonaemia due to carbamyl phosphate synthetase (CPS) deficiency; hyperammonaemia due to ornithine transcarbamylase (OTC) deficiency; citrullinaemia due to argininosuccinic acid (ASA) synthetase deficiency; ASAuria due to ASA lyase deficiency; and argininaemia due to arginase deficiency. All five disorders have a similar clinical picture characterised by protein intolerance, vomiting, seizures, and various degrees ofmental retardation associated with hyperammonaemia. It has also recently been recognised that these disorders can cause neonatal death. We report 2 newborn infants with neonatal hyperammonaemia in the same family. In one of them, in which enzyme studies were done, no CPS activity was found.
Case reports Case 1. Baby A was a term male, born after a normal pregnancy and uncomplicated delivery, birthweight 3600 g. The mother was 23, the father 27 years old, and both were apparently healthy. The mother's grandmother and the father's grandfather were first Received 8 August 1977 cousins. Baby A was the product of the third pregnancy of the mother. The first had resulted in a miscarriage during the fourth month of pregnancy. The second baby was a term male who died 12 hours after birth without definite diagnosis, but with symptoms similar to those of babies A and B.
Baby A appeared well at birth. Glucose-water feedings were started and he remained well until the end of the first 24-hour period when he became progressively lethargic, hypotonic, and refused feeds. During the second day his condition deteriorated, with tachypnoea, abdominal distension, and generalised tonic-clonic convulsions. He was transferred to the neonatal unit of this hospital at 40 hours.
On admission he was comatose with frequent episodes of generalised convulsions. The primitive reflexes were lacking. The fontanelle was normal. Palpation of the liver and spleen was difficult because of the abdominal distension. Intravenous glucose 10 % was started and diazepam and phenobarbitone were given for the convulsions. A few hours after admission episodes of apnoea started and intubation with artificial ventilation was required. In spite of protein restriction and supportive measures, the baby died at 56 hours. During the last few hours of life, he expelled a characteristic odour of ammonia during respiration.
Laboratory data included a normal blood count, blood glucose, and serum electrolytes, and calcium. Laboratory results included a normal blood count, blood glucose, serum electrolytes, calcium, and bilirubin. SGOT and SGPT were 21 and 41 IU/I respectively and blood urea 3-8 mmol/l (22-9 mg/ 100 ml). Two EEGs taken during the first and second days of life showed poor bioelectric activity and low voltage bilaterally. Necropsy examination showed small areas of aspiration pneumonia bilaterally and haemorrhagic infarction at the base of the left lung. No other abnormalities, macroscopical or histological, were detected.
Methods
Venous plasma ammonia was estimated at the Institute of Child Health, Athens, by the Hyland Blood Ammonia kit test using the Berthelot reaction. The upper limit of normal was considered to be 57 Fmol/l (80 ,g/100 ml). Amino acid screening was done by two-dimensional paper chromatography. Frozen specimens of plasma, deproteinised plasma (Stein and Moore, 1954) , urine, and liver were sent to Queen Elizabeth Hospital for Children, London, for further investigation. Quantitative amino acid analysis was made on a Technicon Amino Acid Analyser, using a modification of the standard procedure in order to get reliable estimates of glutamine levels (Palmer et al., 1974) .
Liver urea cycle enzymes were determined by the methods of Brown and Cohen (1959) , according to the details given in Levin (1971) . Liver from baby B was obtained 30 minutes after death and stored at -30°C for 3 months until analysis. A repeat analysis was made after keeping the specimen for a further 3 years at -70°C. The OTC was measured at pH 7 -75 using conditions found optimal for human liver (Snodgrass, 1968) and the CPS assay was supplemented with excess OTC (Sigma grade) (Snodgrass and DeLong, 1976) . This method measures both the mitochondrial form of the enzyme (CPS1) which participates in urea cycle metabolism and the cytoplasmic form (CPS2) which is involved in pyrimidine synthesis. In the liver the activity of the latter is of relatively little significance (Gelehrter and Snodgrass, 1974) .
Urinary excretion of pyrimidine derivatives was investigated by chromatography using the technique of Rinderknecht and Rinderknecht (1965) for urinary pseudouridine. Orotic acid excretion was quantitatively measured by a modification (to be published) of the method of Rogers and Porter (1968) , after a purification step using ion exchange resin. Urinary excretion of N-carbamyl compounds was measured by the method of Oberholzer and Palmer (1976) . Volatile fatty acids in plasma and urine were determined by gas chromatography, and nonvolatile organic acids in urine screened by paper and thinlayer chromatography.
Results
Both babies showed a large increase in blood ammonia levels, associated with blood urea levels at the lower limit of normal. In baby A the blood ammonia was 570 Vmol/l (798 Vg/100 ml) 6 hours before death. The various levels of blood ammonia in baby B, correlated with the clinical stage of the disease, are presented in Table 1 .
In both babies blood and urine screening for amino acids by paper chromatography showed a large increase in glutamine. These findings were confirmed in baby B by quantitative plasma and of glucose-6-phosphatase. The results for this enzyme urine amino acid analysis. Plasma amino acids and for the four enzymes of the urea cycle proper in this baby showed a marked increase in gluta-fell within our control ranges for liver necropsy mine and alanine, with low levels of most of the specimens for children. Our ranges for the activity remaining amino acids, probably secondary to the of all the urea cycle enzymes compare well with restriction of protein intake. No citrulline was those of Nuzum and Snodgrass (1976) . detected. Analysis of urine amino acids gave a Volatile fatty acids in plasma and urine of baby similar picture. The overall amino acid picture was B were normal. Screening for urinary organic acids by typical of hyperammonaemia.
paper chromatography gave negative results except The activities of hepatic urea cycle enzymes for that a small amount of lactic acid was present. baby B analysed after 3 months and 3 years' storage Inspection of chromatograms under ultraviolet light are shown in Table 2 . No CPS activity was detected showed a distinct uric acid spot, but no evidence of on either occasion. OTC activity was decreased pyrimidine metabolites. Quantitative estimation of compared to the range obtained in our laboratory urinary orotic acid gave a level of 3.3 mmol/mol for biopsy specimens from children (Levin, 1971) . creatinine compared to a reference range of infants When repeat analysis was made after 3 years the in the first week of life of 1 * 5 to 4 * 7. Using the same viability of the liver tissue was checked by estimation method, patients with OTC, argininosuccinic acid synthetase and lyase defects, even while clinically (Oberholzer and Palmer, 1976) .
In a urine specimen with pH of 6 45 the ammonia Carbamyl level was 34 mmol/l (47*6 ,ig/100 ml), with ammonia: synthetase urea ratio of 0 * 32 0426-0 54 considered to be propionic acidaemia or methylmalonic acidaemia (Shih and Efron, 1972) . Gelehrter and Snodgrass (1974) reported the first *Data originally presented by Levin et al. (1969 hypothermia, irritability, and hypotonia and died at group.bmj.com on June 20, 2017 -Published by http://adc.bmj.com/ Downloaded from been described by Formstecher (1976) . Sheffield et al. (1976) recently described a case of neonatal hyperammonaemia presenting with pulmonary haemorrhage in which CPS deficiency was thought probable.
The 2 newborn infants described here represent another family in which neonatal death has apparently resulted from complete CPS deficiency. The clinical course of both babies was quite similar. In both, no milk was given and symptoms started at the beginning of the second day of life. Lethargy and hypotonia were the most prominent initial findings followed by convulsions and coma. Death occurred on the third and fourth day of life respectively.
Although enzyme studies were not done on baby A, it is reasonable to assume that the high blood ammonia was due to the same defect as in baby B. The slight increase in SGOT in baby A is not uncommon in cases of congenital hyperammonaemia and it appears that hyperammonaemia per se may have an adverse effect on hepatic function. Being aware of the possibility of a congenital defect of the urea cycle in baby B, we were able to do enzyme studies and to follow appropriate parameters from the first hours of life. Interestingly, in this baby there was a close relationship between the clinical course and the blood ammonia level (Table 1) . It is apparent that symptoms did not appear until the blood ammonia reached 224 ,umol/l (313.7 ,ug/100 ml).
Estimation of liver urea cycle enzymes in baby B at first showed a low OTC, but when repeated at more optimal conditions the level was within reference limits (Table 2) . CPS activity was zero on both occasions. The repeat measurement was done with added OTC to ensure that there was adequate OTC activity for the coupled assay procedure used for CPS measurement (Snodgrass and DeLong, 1976) . Loss during storage would not explain the complete absence of CPS activity. Normal levels of urea cycle enzymes in liver have been obtained after storage at -70°C for 3 years (Brown et al., 1976) .
Raised urinary levels of pyrimidine metabolites are a feature of OTC deficiency (Levin, 1971; Shih and Efron, 1972) but not of CPS deficiency (Arashima and Matsuda, 1972) . Urinary pyrimidine levels were not increased despite the gross hyperammonaemia present, suggesting that the primary defect was in the formation of carbamyl phosphate. The possibility of hyperammonaemia secondary to disorders of propionic or methylmalonic acid metabolism were ruled out by the normal blood and urine levels of these organic acids.
Both patients died soon after birth in spite of treatment, as did the patient of Gelehrter and Snodgrass who had complete CPS deficiency. In the reported cases with a prolonged clinical course, the CPS activities were between 13 and 50 % of normal. It seems that an absence of mitochondrial CPS is incompatible with life.
The mode of transmission of CPS deficiency has not been clearly defined, and is complicated by doubts about the true diagnosis in the supposed cases. Final conclusions cannot be made until more families with the same enzyme defect have been studied. Meanwhile this condition, together with the other urea cycle defects, should be considered in the differential diagnosis ofevery infant with unexplained lethargy, convulsions, or coma.
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